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MEMORANDUM REPORT 
for the 

Amy Air Forces, Ma t o r i e 1 C ommand 
FLYING QUALITIES AND STALLING CHARACTERISTICS 
0? NORTH AMERICAN XP-51 AIRPLANE ■ 
( A . A a F • No. lj.1-58) 
By Maurice D. V;hite, Herbert H. Hoover, 
and Howard W. Garris 
INTRODUCTION 

At the request of the Army Air Forces, a flight investi- 
gation of the flying qualities and stalling characteristics 
of a North American XP-^l airplane was conducted by the NACA 
at Langley Field, Va. The results of these tests are pre- 
sented in the following report. This is the first airplane 
to be tested at the Laboratory fitted with a wing having a 
low-drag airfoil section,, 

The flying-qualities tests, which, were made subsequent 
to a flight investigation of the wing drag, were begun about 
March 1, X$k2 and were completed about May 15, l$k%} a total 
of 22 flights were made requiring approximately 2k hours of 
fflylilg time. 

In addition to this report, a report has been written 
covering the results of tests of a set of modified ailerons 
(reference 1 ) • 

DESCRIPTION OP THE XF«$1 AIRPLANE 

The North American X?~51 airplane is a single-engine, 
low-wing, pursuit-type monoplane (figs. X $ 2 P J* and h. ) • 
Descriptive data and dimensions are listed as follows? 
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Airplane North American XP-^l 

,A.F. No. id -Jo) 



Over-all length J2 ft 2^ in. 

ight 11 ft 9 in, 



IT 



ine ............ • . Allison V-l?'10-39 

Rating: 

Take-off 1150 hp at 2800 rpm and 

46.8 in. Hg at sea level 

Military . \ ilfQ hp at J 000 rpm and 

i 1_5 . 9 in. Hg at 960O feet 

Normal 1000 hp at 2600 rpm and 

39.5 in. Hg at 9000 feet 

Propeller ........ Curtiss constant-speed 

Diameter ...... 10 ft 6 in. 

Number of blades . . > 3 

Wing 

Area 255.75 sq ft 

Span , . 37 ,03 ft 

Root cliord (center of airplane) 103-99 i fl • 

Tip chord, at station 2|5 in |d in. 

Taper ratio . . . . 2.1u to 1 

Aspect ratio . ' . 5*'K-5 

Incidence (at root) I 6 

Dihedral (at 25 -per cant line) ... 5° (mean of upper and 

lower surfaces ) 

Sweepback (leading edge) 3° 35 T 32 ?I 

Washout at tip . . . 1° 

Mean aerodynamic chord . . . 79»6 in. 

Lea ding- edge if.A.C. location relative to 

leading-edge wing (root chord) 8.0 in. above 

6d in. aft 

Airfoil section ....... low drag* minimum pressure 

at 0.[«c\(fig. 5) 

Airfoil thickness ratio 0.165 at center line 

to 0.115 at tip 

Wing flaps 

Type plain 

Total area 32.22 §q ft 

Span (each) Iltu£ in. 

[| - 

Chord : 

Inboard ......... 23 in. 

Outboard • 17 in. 



Ailerons 

Area (each, including J. 75 sq ft tab) C.7 sq ft 

Length % 6 ft 11^- in. 

Taos : 

Left aileron tab, combination ] 
booster and trim h in. x 2 or in. 

Right aileron tab, booster only .... I4. in. x 26jy in. 

Stabilizer (fixed) (see fig. S) 

Area (Including section through fuselage) . . 28*05 sq ft 
Normal setting (relative to long!- 

tudinal axis) 2 

Elevator (see fig, 5) 

Area (including 1.0 sq ft tab) IJ.O'j sq ft 

Span 13 ft 2 in. 

Maximum chord behind hin^e line 17 in. 

1 7 > 1 

Trim tab size (each) bfo in. x 5 13 in. 

Balance area (shielded horn balances) .... 0.2[|. sq ft 

Vertical tail, total area (see fig. 5) 20*02 sq ft 

Fin area ' 9 .61 sq f t 

Normal setting 2° left 

Rudder (see fig. 5) 

Area (including O.Bl sq ft tab) 10.1j.l sq ft 

Vertical span' . ik-u in * 

1 ^ 

Trim tab size % in. x 22 in. 

Maximum chord behind hinge line 26 in. 

The deflections of the various controls and control 
surfaces as measured on the ground with no load were as 
follows : 
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Control surfac e 

Elevator 

Rudder 
Ailerons 

Wing flap 
Elevator trim 
tab 



S urface d ef lection 

2i|.5° up - 25° down 

: ^0.S° left-32. L ;° right 
no 6 (see fig, 6) 

L9.5 0 down 



Rudder trin tab 



10° nose heavy - 22° 

tail heavy 
8.0° nose right - 11. 3° 
nose left 

Aileron trin tab 11. 5° right - 9° left 
Aileron booster 
tab linkage: 

Left wing 0 A\5 

R i ght v/ i ng 0 . S 0 



Control movement or 
trim tab indicator 
setting 

17 in. total at top 
of stic k 

7 in. total at pedal 

18 in. total at top 
of stick 



-i r\0 1 OlO 

10 nose heavy - 22 

tail heavy 
8° no so right to 

l[«..5° nose left 
10° right - 10° left 



Fuel capacity, gal 
Oil capacity, gal 



Normal 



106 



Horizontal distance from elevator hinge 

line to leading- edge Wing Sat center line. . . 

Horizontal distance fron rudder hinge 

line to leading-edge wing at center line . . 

Maximum fuselage cross -sectional area, approx . 
Wheel base -> 



Maximum 

170 

12 



19 ft 7* in. 
21 ft 5I in. 



I5.I.1 so ft 
lip? in . 



Control friction was measured on the ground with no load 
on the surfaces, and values are given in table I. 

The aileron trim tab was on the left aileron only. Thi: 
left aileron trim tab and the tab on the right aileron both 
act as balancing tabs to relieve aiioron-control forces. 



INSTRUMENT INSTALLATION 

Standard II AC A recording Instruments were used In the 

irvesti gstlon. The ins t: rumen ts used and the Items recorded 

are listed In the following table: 

Item NASA ins tr ani ent 

Airspeed Airspeed recorder 

Control* surface position Control-position recorders 

Control forces Rudder-force recorder and tv;o- 

component stick-force re- 
corder 

Angular velocities about 

three airplane axes Recording fci^nmeters 

Acceleration along airplane Recording thre e - compoft® nt 

axes a c c e 1 e rom s t e r 

Angle of sideslip Recording yaw vane 

Angle of bank or pitch Recording inclinometer 

Time Timer 

All of the records were synchronised by means of the timer « 

The yaw vane was mounted on a boom extending about a 
chord length ahead of the right wing tip. 

An aileron control-position recorder was used for each 
aileron and was connected to the control cables in the im- 
mediate vicinity of the surfaces in. order to minimize the 
effects of the elasticity of the system under load. 

The airspeed recorder was connected to a shielded 
total head and a f ree -swiveling static head mount'-: on a 
boom extending a chord length ahead of the left wing tip. 
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CALIBRATION OP PILOT'S AIRSPEED METER 
The installation of the service airspeed indicator in 
the XP-51 airplane consisted of a pitot-static lie ad located 
18. l\. Inches below and Jij-.B inches aft of the leading edge of 
the right witig and in line v-ith the inboard end of the aileron 
(fig. if) ■ 

This service airspeed head and the NASA airjpe.?d recorder 
installation were calibrated by flying in formation v/ith 
another airplane, the airspeed recorder of which had been 
calibrated by means of a trailing static head. Variation 
of the indicated values of the £P~51 service airspeed head 
with correct indicated airspeed is shown in figure 7. 

"Correct indicated airspeeds !l as used in the present 
report is defined by the relation 

v. = te.o8Vq Cin . h 2 o 

where q c , the impact pressure, is corrected for installation 
errors . 

DESCRIPTION OF T2ST3 
Tests were made v/ith the airplane center-of -gravity lo- 
cation ranging from 2);. 3 percent to 29 #3 percent of the moan 
aerodynamic chord, except for several landing tests made with 
the center of gravity farther forward. The gross weight 
varied from about 7200 to 78OO pounds. A considerable 
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forward movement of the center of gravity occurred as fuel 
was consumed (about 1 percent of the mean aerodynamic cho^d 
for each I|0 gallons). % Corrections have been made for this 
effect. 

The flight conditions in which tests were made are 



defined in the following table: 



Flight 
condition 


Flaps 


Landing 
gear 


R adiato s c o o p 
pos 1 t ion 


Ll-nif old 
pros cure, 
X in. Hg 


Engine 
rpm 


Cruising 
Combat 
Gliding 
Climbing 
Take -off 
Take-off 
Wave -off 
Landing 

Landing 
approach 


UP o 
20° 

up . 

up 

up 

20° 

50° 

50° 

20° 


--do.-- 
— do.-- 
--do . -- 
down 
--do . -- 
--co.— 
-- do . 

--do . - - 


Neutral (partially 

open) 
Neutral (partial ly 

open) 
Scoop closed, 

clef 1 eq tor down 
Neutral (partially 

open) 
Neutral (partially 

open) 
Neutral (partially 

open) 
Neutral (part i al ly 

open) 
N o u t r a 1 (pa r t i a 1 1 y 

open) 

Neutral (partially 
open ) 


Throttle 

closed 

I4.6.8 

ii.6.8 

Throttle 
closed 

20 .0 


2230 
2600 

2600 
2800 
2800 
2800 

2600 



The various configurations of the radiator scoop used 
in the feasts are shown in figure 8. The deflector, shown 
in the deflected position in figure 8, was actually deflected 
only in the gliding condition of flight. The cockpit 



windows were closed In all tests except when the effect of 
opening them w*s investigated specifically. 

RESULTS AMD DI3CI&SI0II 
In the presentation and analysis of the results of the 
tests, the standards used for comparison wore the flying- 
quality requirements listed in reference 2. 
I. Longitudinal Stability and Control 

I-A. Characteristics of uncontrolled longitudinal motion 

The characteristics of the •uncontrolled longitudinal 
notion were intf«stigate4 at various airspeeds throughout the 
respective airspeed ranges for the cruising, gliding, and 
landing conditions. The tests for the shor t-period oscil- 
lations were made by trimming the airplane at each speed, 
then taking continuous records as the elevator control was 
abruptly deflected and released. 

The results indicate that the short-period oscil- 
lations of the airplane are well danncd for all conditions, 
including the critical high-speed condition, and .fulfill the 
requirement that the oscillation shall disappear within one 
cycle. The movement of the elevator also appears well damped 
although for certain conditions about- two cycles are required 
to effect complete damping of the motion. This effect is 
generally obscured, however, by the effect of friction (see 
table I) which, while only of the order of 1.5 pounds of 
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stick force, nevertheless resulted In the elevator coming 
to rest at a. position other than that required for trim. 
Typical time histories of short-period longitudinal oscil- 
lations in the cruising condition at HQ and 2l\B miles per 
hour with the center of gravity at 2§*1 percent of the mean 
aerodynamic chord are shown in figure 9 . 

I-E. Characteristics of elevator control in steady flight 
The characteristics of the elevator control in 
steady flight were determined by recording the elevator 
position and force required for trim at various speeds in 
the following conditions ? 



Plight 
condition 



Cruising 
Cruising 
Gliding 



Gliding 

Climb 
Climb 
Take-off 
Take-off 

Wave -off 

Landing 

Landing 

Landing 
approach 



Center-of- jScoop jFlaps 
gravity po- position) 
sition, ' 
percent IVLA.Cj 



24.5 
29.2 
2^5 



29.5 



25.6 

29.7 
25.5 
2l.9 

2k. 6 

2i,,3 

28.5 

2W 



Neutral ; up 

do.-- up 

Closed, 
j deflectorj 

down up 
IClosed, 
deflector I 

down i up 
Neutral [ up 

do.--! up 

do.--' 

do . -- 

- — do. -- 

---do.-- 

do.— - 



20° 



•-do.' 



up 

2( 
down 

50 0 

down 

50 0 

down 
50° 
down 
20° 
down 



Manifold 
pressure, 
in . Hg 



29.5 
29.5 

Throttle 
closed 

Throttle 
closed 
39-5 

k&.a 

1*1.8 
Throttle- 
closed 
Throttle 
closed 



Ron I Figure 



2280 
2230 



10(a) 
10(a) 



10(b) 



10(b) 
2600 i 11 
2600 11 



2800 
2800 



20.0 |2600 



12(a) 
12(b) 
12(c) 
13(a) 

13(a) 
15(b) 
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The results of these tests, which are presented in 
gures 10 through %$ (see preceding table), indicate the 
1 lowing conclusions j 

1. In all conditions of flight and at each c enter - 
of-gravity position tested, stick-fixed static stability 
was indicated by the negative slopes of the curves of 
elevator angle against airspeed, However, in the power- 
on conditions, trim at lov; speeds was accompanied by 
more sideslip than at high speeds which, as can be seen 
by reference to the sideslip results in figures ?1 
through 38, made it necessary to use more up-e levator 
deflection at lov; speeds, The magnitude of the effect 
was comparable with that of some other pursuit-type air- 
planes. For all flight conditions, therefore, the re- 
quirements .of reference 2 were met although the stick 
movement in some conditions was very small. In the 
cruising and climbing conditions, for the rearward 
center-of -gravity positions, for example, the top of 

the stick was required to move less than 1 inch from 
300 miles per hour to the stall to maintain trim. 

2. In all conditions of flight tested, the varia- 
tion of stick force with airspeed was small but stable 
throughout the respective speed ranges. Despite the 
small magnitude of the force gradients, the force charac 
teristics were considered adequate by the pilots. 
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The oenter-of --gravity positions at which neutral 
longitudinal stability would occur for stick-fixed and 
stick-free conditions aro listed in table II. These 
neutral stability points were determined by plotting 
dS^/dO^ and dCh/dC'L as a function of center-cf- 
gravity position, 
where 

5e elevator deflection 

Cft elevator hinge moment 

Cjj airplane lift coefficient 

It Will be noted that freeing the controls had but 
little effect on the longitudinal stability. 

J. As measured on the ground, the friction in the 
elevator control system was about pounds. (See 
table I.) This friction was sufficient to prevent the 
control from returning immediately to its trim position 
following an abrupt deflection (fig. 9)* Due to vibra- 
tion of the airplane, the stick would creep toward Its 
trim position as illustrated in the time history shown 
in figure ■) ; the effect of friction, therefore, did not 
influence the data in the force curves of f ignores 10 
through 1;;, since sufficient time was allowed for the 
control to reach its steady position in each case. 
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);.. The elevator required for trim was well within 
the available elevator travel throughout the speed range 
in all conditions of flight tested. 
I-C . Characteristics of the elevator control in ac- 
celerated flight 
The characteristics of the elevator control in ac- 
celerated flight were determined from measurements taken in 
rapid l60° turns. Time histories of representative turns 
are shown in figures iL; through 20. The results of these 
tests may be summarised as follows: 

1. Although the load factor of 8g was never 
actually attained in any of the tests, it was determined 
by extrapolation of available data that the elevator 
control was sufficiently powerfH.il to develop either the 
allowable load factor or the maxijaum lift coefficient 

at all speeds. In one of the forward center-of -gravity 
positions tested, 25*5 percent of the mean aerodynamic 
chord, the maximum, lift coefficient was attained in a 
l80° turn using less than half the available stick 
travel (fig. 21 (a)), 

2. As shown by the time histories , figure a 1I4. 
through 20, and the summary curve shown in figure 21(a), 
the variation of elevator angle witk normal acceleration 
in the steady l80 turns was stable. By extrapolation, 
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it is seen that, with the center of gravity at about 
32.3 percent of the mean aerodynamic chord, the 
stick-fixed turning-flight stability would be neutral. 

3- The stick movement required to change the angle 
of attack from a lift coefficient of 0.2 to the maximum 
lift coefficient was 2.1\. inches with a center-of -gravity 
position of 25.5 percent of the mean aerodynamic chord. 
With the center of gravity at 28.9 percent of the mean 
aerodynamic chord, the corresponding stick travel was 
only 1.2 inches (fig. 21(a)). This characteristic re- 
sulted in the airplane being somewhat sensitive to small 
movements of the stick, as illustrated in the time 
histories of l80° turns in figures II4. through 20 where 
the normal acceleration fluctuates due to almost im- 
perceptible elevator movements. However, with the aid 
of the satisfactory stick-force gradient discussed later, 
these stick movements w-re kept small enough so that the 
resulting motions were not considered objectionable, 

I;. As measured in steady l80° turns, the normal 
acceleration varied linearly with stick force. This 
variation is shown in figure 21(b) for two center-of - 
gravity locations in both combat and cruising conditions 
of flight. This linear variation is desirable as an aid 
to the pilot in obtaining and holding a given ac- 
celerati on . 



5- In figure 21(b) the variation of stick force 
with acceleration is shown to be 8*3 pounds per n g n for 
the forward center -of -gravity posi t ion (25 .5 percent of 
the mean aerodynamic chord.) for both cruising and combat 
conditions. This value is nearly equal to the recom- 
mended upper limit of force gradient of 8 pounds per g. 
(On the basis of tests made subsequent to the writing of 
reference 2, the value of o pounds per g quoted there 
as an upper limit for satisfacotry stick-force gradient 
has been revised to 8 pounds per g« ) V/ith the center 
of gravity at 28.9 percent of the mean aerodynamic 
chord, the stick-force variation with normal acceleration 
was about b r .k pounds per g. 

It appears from extrapolation of the data (fig. 21(b)) 
that no force gradient at all would be experienced in 
steady turns in the cruising condition with the center 
of gravity at 32,7 percent of the mean aerodynamic chord. 
This value of center-of -gravity position at which the 
force gradient in turns becomes zero agrees reasonably 
well with the value of 32.3 percent of the mean aero- 
dynamic chord obtained for zero stick position gradient 
in turns indicating the variation of elevator floating 
angle with angle of attack to be small. 



The above results correspond to an altitude of 
about 7000 feet. At higher altitudes, lower forces 
will be experienced for a given acceleration due to the 
decrease in required elevator deflection resulting from 
the Increased radius of turn. 

At a center-of -gravity positiora of 28,9 percent of 
the mean aerodynamic chord, the data of figure 21(b) 
indicate a force of JO pounds will be necessary to 
obtain the allowable load factor of 8g in the cruising 
condition, At center-of -gravity positions farther art, 
values lower than 30 pounds, the minimum value specified 
in reference 2, will be required. These results appear 
to establish 28.9 percent of the mean aerodynamic chord 
as the rearmost position and 25 ♦ 5 percent of the mean 
aerodynamic chord as the most forward position at which 
the requirements of reference 2 ^or stick forces in 
turns will be satisfied. 

Values for the combat condition are comparable with 
those for the cruising condition* 
I-D. Characteristics of the elevator control in landing 
1. The results of tests to determine the elevator 
deflection required for landing are shown in. figure 22, 
where the elevator deflection at the time of contact is 
plotted against center-of -gravity position for a group 
of three-point landings. It is seen that the elevator 
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power is sufficient to execute three-point landings with 
the center of gravity as far forward as 21 . 5 percent of 
the mean aerodynamic chord. No perceptible difference 
in elevator requirements is evident between flap deflec- 
tions of 50° and 35° - 

The elevator deflections noted are about 8° greater 
than those required to stall at altitude in the same 
condition. 

2. The stick forces required to make three-point 
landings were well below the upper limit of 35 pounds 
recommended in reference 2. A typical landing history 
(fig, 2J) shows a maximum stick force before contact of 
20 pounds. This value, which corresponds to a trim- 
tab setting of 10° tail heavy, could be reduced somewhat 
by further trim-tab deflection. 

I-E. Characteristics of the elevator control in take-off 
The elevators were adequate to raise the tail or to 
adjust the attitude angle as desired during take-off after 
approximately one-half take-off speed was reached. This 
conclusion is based on pilot's observations. Figure 2l+, a 
time history of a typical take-off in which tL? tail was 
raised quickly, is presented as a matter of interest to 
indicate the control movements required during the take-off. 
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1-7. Trim changes due to power and flans 

1. Trim changes due to changes in flight condition 
or airplane configuration are shown in table III. These 
changes in elevator angle and forces are given for 120 
Miles per hour only. All values in table III are for 
approximately the same center-of -gravity position. It 
may he seen from the static stability curves (figs. 10 
through 15) that these changes will differ for other 
speeds. In most cases, -however, the changes due to 
change in flight condition are small, coming well Within 
the upper limits recommended in reference 2. 

A change in longitudinal trim, amounting to 0,8° 
of up ~ elevator deflection, resulted from opening the 
sidle windows of the cockpit enclosure. 

The effect of varying the radiator scoop position 
was also investigated; as shown in table III, the 
resulting trim changes were small. 

I-G. Characteristics of longitudinal trimming device 
1. To determine the power of the elevator trim 
tabs, measurements were .made of the elevator forces ' 
required for trim with several different trim-tab 
settings and at several speeds. . The results are shown 
in figure 25 where the change in stick force per degree 
trim-tab deflection is slotted against airspeed for four 
flight conditions. Combining these data with' the 
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. -static stability data of figures 10 through 13, it is 
evident that the power of the trim tabs is ample to 
satisfy the requirements of reference 2 with the center 
of gravity as far forward as %k>*5 percent of the mean 
aerodynamic chord , the most forward position at which 
. tests were made.. For example, in the landing condition 
it is possible to trim the airplane between 120 percent 
and II4.O percent of the minimum speed and in the cruising 
condition- the airplane could be trimmed at ail speeds 
above 120 percent of the minimum speed. 

2. Unless changed manually, th.e trimming device 
would retain a given setting indefinitely. 
II • Lateral Stability and Control 

II-A. Characteristics of uncontrolled lateral and direc- 
tional motion 
1. The characteristics of control-free lateral 
oscillations were determined by trimming the airplane 
for straight laterally level flight at each speed and 
flight condition and then quickly deflecting the rudder 
and releasing all controls. Records were taken of the 
variation of rolling, yawing, and pitching velocities, 
sideslip angle, control forces, and control positions in 
the resulting oscillations. These measurements were 
taken at several airspeeds between yl and 2k$ miles per 
hour . 



The variation of the period of the lateral oscilla- 
tion and of the number of cycles to damp to one-half 
amplitude for the cruising, gliding, and landing condi- 
tions are shown in figure 26. Figure 26 shows that 
the lateral oscillation is damped to one-half amplitude 
in less than one cycle for all conditions tested, meeting 
by a considerable margin the requirements of reference 2 
that the oscillation damp to one-half amplitude in less 
than two cycles. 

2. No records were obtained of the oscillations of 
the ailerons following an abrupt deflection and release 
of the control, hut pilot's observations indicate that' 1 
the motions are satisfactorily damped. 

3. Due to friction in the rudder-control system, 
the rudder failed to meet trie requirement that it return 
to the trim position following an oscillation of the 
control induced by abriipt deflection. This character- 
istic is illustrated by figure 27 showing typical time 
histories of the motions following abrupt rudder kicks. 
When the rudder was released following the kick it came 
to rest, under the influence of sideslip, at a different 
position than trim and was held there by friction. This 
effect was more pronounced at low speeds where the aero- 
dynamic forces tending to return the rudder to Its 

trim position were less than at high speeds-, and as a 
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result the airplane failed to return to straight flight 

following the oscillation. 
II*-B 3 Aileron-control character 5 sties 

The aileron-control characteristics were obtained 
by recording the airspeed, rolling velocity, aileron deflec- 
tion, and stick forces as the ailerons were deflected abruptly 
and held, with the rudder held fixed. The results for the 
cruising condition are included with the results for the 
landing and combat conditions in figures 28 through JO and 
in table IV, 

Figures 28 and 29 show the variation of aileron 
effectiveness as defined by the parameter pb/2V, and of 
aileron stick force with control deflection at various air- 
speeds, Figure 30 * s a summary curve showing the maximum 
values of pb/2V obtainable at each speed and the corresponuing 
stick forces. Where the stick forces exceed 30 pounds, the 
maximum value recommended in reference 2 ; the values of 
pb/2V for a JO-pound stick force are also shown, The 
relative effectiveness of the aileron controls in each 
flight condition is compared in table IV, 

The results of these tests may be summarized as 

follows : 

Ik* Throughout the speed range ; the maximum rolling 
velocity obtained by abruptly deflecting the ailerons 
varied smoothly with the aileron deflection and was 
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approximately proportional to the aileron deflection... 
This is shown by. the linear variation of aileron 
effectiveness on figures 2 8. and 20. 

2. The rolling acceleration following an abrupt 
aileron deflection was always in the correct direction 
and no lag in the development of the rolling moment was 
evident . 

3. For' evaluating the aileron effectiveness the 
helix angle pb/2V, in which p is rolling velocity in 
radians per second, b is the span in feet, and V is 
the true airspeed in feet per second, has been used as 
the criterion (reference J). 

Except in low-speed rolls to the left in the combat 
condition, the ailerons failed to meet the requirement 
that pb/2V of 0,07 be obtainable. In this one 
exception the value of 0,07 was obtained only because 
of. the off-center trim position of the ailerons, and for 
the same reason they were correspondingly deficient in 
right rolls. At higher speeds, as the trim position 
of the ailerons approached the neutral position, the 
maximum- values of pb/2V in right and left rolls 
approached each other at values less than 0,07. 

In the cruising condition, an average value of 
pb/2V of 0,055 was the maximum achieved; at high speeds, 
due to stretch in the control system, the available 
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aileron deflection and, accordingly, the maximum pb/2V 
obtainable were considerably reduced. 

For all conditions tested, the variation of pb/2V 
with control deflection remained essentially constant 
except at the lowest airspeeds; there, a marked reduction 
in effectiveness per unit control deflection was noted. 
This reduction appeared due largely to the comparatively 
large values of sideslip angle that occurred at the time 
that maximum rolling velocity was reached. The effect 
diminished rapidly with increasing airspeed. 

In table IV the relative effectiveness of the ailerons 
for the cruising, combat, and landing conditions are com- 
pared at two airspeeds. 

The deficient power of the ailerons was due mainly 
to the limited deflection range of the surfaces. The 
results of tests of beveled trailing-edge ailerons with 
increased deflection range are given in reference 1 and 
show a definite improvement in aileron characteristics. 

ij.. As shown in figures 23 and 29, the variation of 
aileron-control force with aileron deflection for each 
condition tested was a smooth curve. 

At low speeds and small deflections, particularly 
in the landing condition, the stick forces were of small 
magnitude (In some cases less than the friction force 
measured on the ground), and the ability of the control 
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to center itself appears from the data to be doubtful. 
However, since the pilots reported the controls to be 
satisfactory in this respect, it is likely that values 
of friction measured on the ground were not realized in 
flight -and the control #as actually self -center ing . 

The effects of flexibility in the aileron-control 
system are indicated by the progressive reduction in 
deflection of the control surfaces for a given stick 
deflection with increasing stick forces. This is best 
shown by the variation in deflection of the end points 
of the curves of figures 23 and 29, all of which corre- 
spond to full stick deflection; departures from the 
trend are due to changes in the trim positions of the 
ailerons . 

5. Aileron stick forces were excessive for large 
deflections in high-speed flight. In figure JO it may 
be seen that full control deflection could be obtained 
with the recommended stick force of JO pounds only 
below approximately 220 miles per hour in the combat 
condition, and below 2k0 miles per hour in the cruising 
condition. For higher speeds, a 30-pound stick- force 
.limitation results in a decrease in the values of pb/2V 
obtainable as 'shown in figure JO. 



II-C. Yaw due to ailerons 

The maximum angles of sideslip developed as a result 
of full aileron deflection in the critical low-speed condition 
were as follows: cruising, l6.1| 0 ; combat, 13°; and landing, 
power .off , llj-.O 0 . The requireraent of reference 2, which states 
that less than 20° should be developed in full aileron rolls, 
rudder fixed, .was therefore met in these conditions. 

It is of interest to note that, if the aileron effec- 
tiveness were increased to values that are considered desirable, 
the sideslip developed in aileron rolls would approach the 
specified limit of 20°.. 

II-T). • Limits of rolling moment due to sideslip (dihedral 
effect ). . ' 

1. The rolling moment due to sideslip was measured 
\ :by recording the aileron angles required in steady side- 
slips. The results are presented in figures Jl through 
59 > inclusive. The rudder, elevator, and right aileron 
position, angle of bank, and aileron and .ruclder ti rcss ar- 
"plotted as functions of the angle of sideslip, The 
dihedral effect was positive in most of the conditions. 
•Negative dihedral effect was, however, encountered in 
power-on sideslips to the left at low speeds (figs. Jl, 
J2, and 37). This instability is probably due in part 
to an unsymmetr ical distribution of the propeller 
slipstream over the wing. With power on at low speeds, 
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the slipstream over the right wing may be considerably 
higher than that over the left. as the angle of side- 
slip increases to the left, the slipstream moves farther 
out on the right wing, thereby increasing the left 
rolling moment* 

In the cruising condition, there was little varia- 
tion of dihedral effect with airspeed at small angles 
of sideslip as shown by the data in figure 39 • 

2, The variation of aileron stick force with angle 
of sideslip as determined in steady sideslip was, in all 
cases, small, the forces rarely exceeding L pounds. 
In the flight conditions where the aileron deflections 
indicated negative dihedral effect, the stick forces 
also indicated negative dihedral . Because of the small 
magnitudes of the stick forces associated with negative 
dihedral effect, this characteristic was not 'considered 
objectionable by the pilots = 

Isolated points, where negative dihedral was indi- 
cated by the stick force but not by the aileron deflec- 
tion, may be noted; but again the actual magnitudes of 
the forces were very snail ( less than the value of 
friction as measured on the ground). 

J. The 'rolling moment due to sideslip was never 
great enough to cause a reversal of rolling velocity as 
a result of yaw due to ailerons, although at low speeds 



(us noted in paragraph II-B-3) it resulted in perceptible 
reductions in the aileron ef f ecti ver.es 3 • 
II-E . Rudder- control characteristics 

1. The rudder control was sufficiently powerful 
to overcome the adverse aileron yawing moment. In all 
conditions tested, larger angles of sideslip were obtained 
with the rudder (figs, Jl through 38) than would be 
necessary to counteract the maximum yaw due to ailerons 
developed in full-deflection aileron rolls. Possible 
exceptions are indicated by the results of a series of 
rolls made to the left at 90 miles per hour in the landing 
condition with partial power where the records were 
stopped before the airplane attained its maximum angle 

of sideslip or maximum rate of roll; no conclusion 
regarding the power of the rudder to combat adverse 
aileron yaw can therefore be drawn for this condition. 

2. As is indicated in the time histories of a 
typical landing and take-of;? (fig®, 2J and 2]> r ), the rudder 
was sufficiently powerful to maintain directional control 
for these maneuvers. The rudder effectiveness was also 
considered adequate for satisfactory ground-handling . 

3. Spin tests were not made, but during the stall 
tests the airplane several times rolled off into an 
incipient spin; in every case the rudder, In conjunc- 
tion with the other controls, easily provided the forces 
necessary for recovery. 



1l. The slope? of the rudder position and force 
curves, shown in figures 31 through 58 i indicate that 
the airplane meets the requirement of reference 2 that 
right and left rudder forces should always be required 
to hold corresponding deflections from trim. 

5, In none of the conditions discussed in the 
preceding four paragraphs did the required rudder forces 
exceed loO pounds, thereby meeting the requirements of 
reference ?, Figure Y) shows the variation of rudder 
force per degree sideslip with airspeed. 
II-p, Yawing moment due to sideslip (directional 
stability) 

1. As is stated under paragraph II-C, the maximum 
angles of sideslip developed in aileron rolls with 
rudder fixed in the critical low-speed conditions were 
less than 20° and hence satisfied the requirement of 
reference 2 % 

2. The yawing moment due to sideslip was such that 
the rudder always moved in the correct direction, that 
is, to the right in left sideslips, and vice versa. 
From figure 39, showing summarized results for the 
sideslins in the cruising condition, it may be seen that 
the directional stability is of ■ reasonable magnitude, 
nearly 1° of rudder deflection being required per degree 
sideslip throughout the speed range. 
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5* It nay be seen in the sideslip characteristic 
curves (f igSN 51 through 3-3) that the rudder force 
increases in the correct direction with sideslip angle 
for all conditions. This assurer, that the airplane 
will tend to return to its tr Jxa position if the rudder 
is released; the effects of friction in the rudder- 
control system would prevent an immediate return to 
complete trim [fig. 27). 

Reversal of the rudder forco3 was not encountered 
in any of the sideslip tents. 

I4.. Although no requirement has been established in 
reference 2 regarding permissible rudder-force variations 
with airspeed, several cases have recently been encountered 
where this force variation has been objectionably high. 
Tests of the XP-Sl indicate it to be fairly satisfactory 
in this respect; the measured values of rudder force being 
as follows* 

a. With the rudder force triiined to zero at 
an indicated airspeed of 220 miles per hour with 
rated newer, the airplane can be dived to L.00 miles 
per hour with a rudder force of approximately r )0 
pounds. Cutting the throttle at I4.OQ miles per 
hour requires a rudder force of about 100 pounds. 

b. With "che rucder force trimmed to zero at 
an indicated airspeed of l60 niles per hour with 



rated power, a force of 100 pounds is required at 
L.00 miles per hour. Gutting the throttle from 
this condition requires a force of about 175 pounds. 
II-G. Cross-wind force characteristics 

The variation of cross-wind force With sideslip 
was always in the correct direction a3 shown by the angle of 
bank required to hold the airplane in a steady sideslip 
(figs. 51 through 38). The side force gradient of the 
XP-pl was slightly smaller than that of any pursuit-type 
airplane tested previously, 

II-H. Pitching moment due to sideslip 

The pitching moment due to sideslip is shown by 
the variation of elevator angle with sideslip angle in the 
steady sideslip tests (figs. Jl through 38) . In all con- 
ditions of flight j the pitching characteristics in sideslips 
were desirably small and in substantial compliance with the 
requirements of reference 2. In all conditions of flight 
except the gliding condition, less than 1° change in elevator 
angle was required to maintain longitudinal trim at 110 per- 
cent of the minimum 3peed when the rudder was moved 5° right 
or left from it3 trim position. The actual deflections 
required were of magnitude comparable with, those noted on 
airplanes of similar type . 
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11*1, Power of rudder and aileron tr imming devices 

1. The ruddier trim tab was sufficiently powerful 
to reduce the triia forces to zero at any airspeed from 
120 percent of the minimum speed to the maximum speed in 
the cruising condition, thereby satisfying the require- 
ments of reference 2. While the power of the tab was 
not investigated specifically, it appeared adequate to 
the pilot under all conditions. 

The aileron and rudder forcas required for trim for 
all conditions of flight may be found in the static 
stability curves (figs. 10 through 13, inclusive); the 
aileron trim tab was neutral for each condition while 
the setting of the rudder tr'n tab is noted. 

2. Unless changed manually, the trimming devices 
would retain their settings indefinitely. 

Ill* Stalling Characteristics 

The stalling characteristics of the airplane -were deter- 
mined in the gliding, cruising, landing, climb, wave-off, and 
take-off conditions of flight. In general, these conditions 
were investigated with the following arrangements t 

1. Wing and fuselage gun ports covered with doped 
fabric (clean wing)(figs. 2 and 1|0). 

2. Two 20-millimeter-gun mock-ups installed in 
each wing, and fuselage gun ports covered with doped 
fabric. Two types of fairing were tested on the 



20 -millimeter guns ( figs* l+Ka) and ^l(b) ) . (Since no. 
difference in stalling characteristics could be deter- 
mined between the two fairings, the following discussion 
will be considered as applying to either.) 

3. . -Wing and fuselage gun ports open. 
The tests were made by taking continuous instrument 
records as the airspeed was decreased while the wings were 
held laterally level. Observations were made of tufts 
fastened to the upper surface of both wings. At the first 
sign of the stall, the controls were, in some cases, fixed; 
in other cases the elevator control was pulled farther back 
while either the rudder or aileron control was used inde- 
pendently in an attempt to maintain a level attitude. 
Stalling speed was taken as the speed at which pronounced 
lateral instability was encountered. 

Time histories of several typical stalls are presented 
in figures l\2 through 55* are discussed in the following 

paragranh^ Stalls were made with the center of gravity in 
both forward and aft positions, but, since no difference could 
be detected in the stalling characteristics, this factor is 
not included in the discussion. 

Values of maximum lift coefficients, based on data 
obtained in the stall tents, are presented in the following 
table. These values were determined from tests in the 
various conditions wherein the approach to the stall was 
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very gradual and are not in general consistent with the 
minimum speeds shown in the time histories of stalls presented 
in figures 1+2 through 5$. For the stalls shown in these time 
histories, there are several cases where the approach to the 
stall is too abrupt to permit use of the data in calculating 
inaximum lift coefficients for steady flight. 

Maximum 

Pli ght condition wing condition lift coefficient 

Gliding clean 1.5 

Gliding 20-milline tor guns 1.5 

Cruising clean* 1.6 

Cruising 20-millimeter guns 1.6 

Landing clean 1.9 

Landing 20-millir:ieter guns 1.8 

Take-off /Run out .of rudder before minimum speed 

Wave-off V was reached 

Gliding condition. - All stalls in the gliding condition 
of flight were characterized by a breakdown of the air flow 
along the trailing edge of the wing, extending over the middle 
half of each semispan. As the speed was further decreased, 
the air-flow breakdown spread spanwise and forward, the 
extent of the breakdown being somewhat greater ovMt the right 
than over the left wing. 

In the clean-wing condition, the stall was first evidenced 
as a mild right roll which was easily corrected and hardly of 
sufficient magnitude to serve as a stall warning. If, 
ignoring this warning, the stick was moved a little farther 
back while holding the other controls fixed (fig. ij.2), a mild 
left roll would occur followed by a rapid right roll which 
developed into an oscillatory spiral. 



Control could be maintained successfully by means of 
the ailerons alone (fig. h$) until the stick had been pulled 
back approximately 2 inches from the position at the stall, 
At that tine an aileron reversal intended to check a roll 
resulted only in an increase in rolling acceleration, 

Use of the rudder alone to maintain control (fig. I4J4- ) 
failed to prevent the airplane from rolling to the right, 
although it did hold the rate of roll to a small value. 
With the stick somewhat over 2 inches aft of the stall posi- 
tion and the airplane at an angle of bank to the right of 
about 60° (according to the pilot T s observation) the airplane 
suddenly snapped over into a spin to the left. Recovery 
was immediately effected by relieving the elevator and 
reversing the rudder and ailerons . 

With the 20-millimeter-gun mock-ups installed, the 
initial warning roll, which occurred at about the same speed 
as that for the clean wing, was again to the right and was 
accompanied by a mild tug on the stick to the right. The 
succeeding left roll was considerably slower than the corre- 
sponding right roll for the clean wing even though the 
elevator control was moved farther back (fig. hS) ) . 

Attempts to control the motions in the stall by use of 
the ailerons and rudder independently gave results similar 
to those for the clean wing. Apparently because of the 
difficulty in coordinating sideslip and bank experienced in 



the particular run, oscillations of fairly large amplitude 
were rioted when the rudder was used alone 0 As shown in 
figure t±6 $ however, it was possible by the use of both 
ailerons and rudder to control the airplane for some time 
with the stick full back. It should be noted in this connec- 
tion that the condition of elevator full back may not always 
be the most critical from a control standpoint. Experiences 
with other airplanes indicate that in some cases control may 
be quite difficult just beyond the stall, hut when the stick 
is moved full back a fully stalled condition is attained which 
is more stable laterally and hence easier to control. 

Figure J^7 shows a typical stall in the gliding condition 
with the gun ports open. 

In all cases recovery from the stall could be effected 
promptly by moving the elevator control forward. 

Cruising c ondi tion. - The first evidence of flow break- 
down in the cruising condition wit.h the clean wing was noted 
at the root of the left wing. As the speed was further 
reduced, the air-flow breakdown spread spanwise along the 
trailing edge of both wings and then forward near the wing 

tipS r 

The imminence of the stall was indicated by a light 
aileron snatching and a mild roll to the right. A slight 
further movement of the stick back caused a faster roll to 
the right (fig* Ij-B) which was checked when the stick was 
eased forward. 



As seen in figure i$* control beyond the stall' was 
of fefcti vcly. maintained for sore time by the use of ailerons, 
aided somewhat by inadvertent use of the rudder. Because 
of lag in the application of rudder, a considerable aa&gle of 
bank was achieved before the rudder, applied alone, reversed 
the roll (fig. 50) . 

With the 20-millimeter- mock-ups installed the initial 
left-v/ing root stall was absent, but the general progress of 
the air-flow breakdown over the wing was similar to that of 
the clean wing. Also, in addition to the aileron snatching, 
a mild buffeting of the tail v:as noted before uncontrolled 
motions ensued. The initial motions in the stall were a 
mild lateral oscillation which gave way to a violent roll-off 
only after the elevator control had been pulled about 2 
inches i'prther bach (fig. 51). At this point the rudder 
alone was ineffective in preventing a spin break although it 
did reverse the direction of the break (flsr t 52). 

With the gun ports open, the stalling characteristics 
were approximately the same as those for the condition with 
20-millimeter guns. './arnin : in the form of tail buffeting 
existed and the .ensuing motions were very mild. 

Recovery from the stall or from incipient spins could 
always be effected by normal use of the controls. 

Land ing condi t ion . - In the landing condition with the 
clean wing the air-flow breakdown spread abruptly over nearly 



all the right wing and the tip of the left wing. No warning 
was noted "before the airplane rolled to the right, slowly at 
first, but at an increasing rate as the stick was moved back. 
With the lateral controls f5xed, the roll developed into a 
turn { fig. S3) . By the use of either rudder or aileron 
control it was possible to cheek ancl correct the airplane- 
no vement, but such control was possible only for a limited 
time, after which the airplane tended to roll violently. 

With ^O-niillimeter-gun nock-ups Installed, the flow 
breakdown started at the ailerons on both sides at about 5 
miles r,er hour above the stalling speed. The stall moved 
forward over both win^s near the rvi.d-s^an points, progressing 
farther on the right wing than on the left. In no case was 
the spread as great as that of the elean-wing condition. 
There v/as no warning of the stall, but the airplane with 
controls fixed rolled slowly right into a spiral of varying 
tightness or oscillatory character depending on the elevator 

position ( fig, 5M • 

By us trig the ailerons, It was possible to maintain con- 
trol for a considerable period of time with the stick almost 
full back. The rudder was also effective in maintaining 
control, but because the rudder controls the motions indirectly, 
that is, through control of the sideslip, the movements of the 
airrlane in the stall were move violent than were those experi- 
enced with aileron control. By the use of both ailerons and 
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rudder, control was maintained successfully and the lateral 
motions were held to snail amplitudes with the stick full 
hack. 

VSTlfeb the gun ports open, the flow breakdown was confined 
to the inboard half of the right wing ^nd was characterized 
by no warning and a very nild and easily controllable roll-off. 

Wav e -off c o nd i t i on , - In the wave-off condition a very 
mild lateral oscillation began just before the rudder and 
aileron deflections required for trim reached their limits 
of travel. Depending on how well the rapidly changing trim 
requirements were followed by cor 4 *rol rovc^m.ts- the airplane 
would then either continue to oscillate mildly in a turn 
against the controls (fig. 55) or roll off raoidly to the 
left. Maximum rudder deflection was reached at airspeeds 
-'Ve the stalling speed. 

•Similar characteristics were obtained in stalls with the 
20-millimeter-gun mock-ups and with, the gun ports open* 

The lightening of rudder-control forces as the stall 
progressed is a characteristic feature of the stalls in this 
condition . 

Take- off condition. The characteristics in the take- 
off condition were very similar to those in the wave-off 
condition. 

Stalls in turns . - The stalling characteristics of the 
airplane were inves tiga ted in l80° turns in the cruising 



conditions of .flight, and typical time histories of these 
turns to the right are shown in figures llj., l6, and 20. No 
marked differences In characteristics between right and left 
turns could be detected ■ 

No stall warning other than that given by the stick 
force and position gradients indicated in figure 21 was noted. 
In the stall, however, considerable tail buffeting occurred, 
as shown by the instrument records, 

When the stall occurred the airplane invariably tended 
to nitch down and roll. The direction of the initial roll 
in the stall was inconsistent and the rate of roll varied 
with the wing condition; that is, with the clean wing (gun 
ports covered) and in right turns with the 20-millimeter-gun 
mock-ups, the roll -off was into the turn and much faster than 
it was with the gun ports open and in left turns with the 
20-rnillimeter-gun mock-ups . 

In general, the motions of the airplane when stalled 
under accelerated conditions are considered to make the air- 
plane unsatisfactory as a gun platform in this region of 
flight, but, nevertheless , the stalling characteristics com- 
pare favorably with those of other modern fighters, 

CONCLUSIONS 

As a result of flight tests, the following conclusions 
may be stated regarding the flying qualities of the North 
American airplane: 
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1. The short-period longitudinal oscillation disap- 
peared within one cycle in all conditions tested, 

2. The airplane had positive longitudinal stability 
forward of the following center-of -gravity positions for the 
c o nd i t 1 on s no t e i : 

Stic): fixed, Stick free, 

fl ight con dition percent M ,A,C . _ p ercent M.^.C . 

Cruising ■ 50*8 JfP*5 

Gliding 5k*t 34* * 

Landing 51*2 52.5 

Climbing 50.6 31*5 

3. As determined from steady turning flight, th6 

longitudinal- stability characteristics in maneuvers were as 

follows for the cruising condition of flight: 

Stick motion required to 

Center-of -gravity stall from Cl ~ 0.2, . Stick-force 

position, inches travel of gradient, 

percent M.A.G; t op of stick lb per g 

25.5 ■ • • H H 

23. 9 1.2 k*h 

I. The elevator control was adequate for take-off and 
landings with the center of gravity as far forward as 21.5 
percent of the mean aerodynamic chord. 

5. The longitudinal trim changes due to power and flap 
variations were desirably small, being less than 6 pounds 
for all conditions tested. 

6. The elevator trim tab was sufficiently powerful to 
trim the airplane as desired in the various flight conditions. 
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• 7.. The control-free lateral oscillations damped to one-half 
amplitude within one cycle for all conditions tested. No 
tendencies for the rudder or aileron controls to oscillate 
were ol. served, 

3. Because of limited deflection range, the aileron 
control did not mt;et the .'effectiveness requirements for speeds 
up to 0.8 of the maximum level-flight speed. The control 
was particularly unsatisfactory at low speeds.. Although no 
requirements have been set up for lataral control at speeds 
above 0,8 of the maximum level-flight speed, it is believed 
that the control available in the XF-51 was satisfactory in 
the diving- speed range. 

9. For the available aileron deflection range, the 
aileron yaw was everywhere within the specified limit of 20°. 

10. The dihedral effect was positive except in low- 
speed sideslips to the left with pov.er on. The negative 
dihedral effect was not large enough to be disturbing to the 
pilot. 

11. The rudder power was adequate to counteract the 
yaw due to the ailerons and to maintain directional control 
during take-offs and landings. The rudder forces required 
were less than the recommended upper limit of ISO nounds . 

The variations of rudder force with airspeed and engine power 
in dives to high speed were larger than desirable. The 
maximum forces, however, were less than l80 pounds in the 
conditions tested . 
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12. The directional stability characteristics were 
satisfactory. No tendency for . rudder force reversal existed 
in any flight condition. 

1;. The pitching moment due to • sideslip was desirably 
small . • . : ■ ' • • 

lh... The power of the .rudder and. aileron trim tabs was 
adequate . 

IS. Requirements for satisfactory stalling character- 
istics were net in all respects except for stall warning. 
In all conditions, lateral instability occurred as the first 
indication of stalling. In the steady flight conditions, 
the instability was in the form of a mild roll. In the 
accelerated condition, the instability was in the form of a 
lateral oscillation combined with pitching and, although 
enough control was available for preventing a complete roll 
off and change in direction, it is thought such motions would 
make the airplane unsatisfactory as a gun platform in this 
region of flight. In spite of these characteristics, it is 
considered that the stalling character: sties compare favorably 
vith those of other contemporary fighters . 

Langley Memorial Aeronautical Laboratory , 

National Mviaory Committee for aeronautics, 
Langley Field, Va« , ftpril 15, ±$k>3 • 
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ThBLE I 

CONTROL FRICTION FORCES , XP- r ,l AIRPLANE 
Pas measured on ground with, no load on suri'eces 



Control 


■■ ■ ■ 

Elevator 


Aileron 


Rudder* 


i 


Direction 
of force 


Up 


Down 




Left 


Right 




Left 


Right 


Pr ictional 
force , 
lb 


± ♦ l\. 




Wear 
neutral 

Hear 
m&ximxm 


1.8 

6.0 



1.3 


Near 
neutral 

Near 
maximum 


11 
13 


15 

15 



Rudder connected to tall wheel operating mechanism with 
tail wheel unlocked. 



TABLE II 

LC N 3 IT UD INAL - STAB IL I T Y C BAR A CTEKTSTIOS 





Center -of -gravity positions 




corresponding to neutral 


Condition 


1 o rig i t ud i rial stability 




Stick fixed, 


Stick free, 




percent II. A .C , 


nercent M.A.C . 


Cruise 


50.8 




Glide 




3k. h 


Landing 


31.2 


52.5 


Climb 


30.6 


31*5 

i — — 



TABLE III 



LONGITUDINAL TR IK CHARACTERISTICS 



Condition 



Cruising 
Gliding 
Climbing 
Landing 
Landing 
approach 
Take-off, 

flaps up 
Take-off, 
flaps 20° 
down 
Wave -off 



Change in 
elevator 
trim angle 
from 
cruising 
condition, 
deg ; 
120 mphj 
e.g. approx. 
2lu9 percent 



0 

1.6 up 

0 . 3 down 
1.5 up 

3.1 up 

0.1 up 

1 c 1 UP 

O.Ji down 



Change in 
elevator 
control force 
from 
cruising 
cond it ion, 
To; 
120 mph; 
e.g. approx. 
2i(. # 9 percent 

M h P 
I/I . . w • 



0 

0.1 pull 
0.3 push 
pull 

5*5 pull 
2,1| pull 



5.3 Pull 
2.6 null 



Change in 
elevator 
angle for 
trim from 

windows 
closed to 
windows 
open, 
deg 



0.8 



up 



Change in 
elevator 
trim angle 

for 5° 
change in 
elevator 
trim tab 
position, 
deg 



elevator trim angle 
from scoop neutral 
(partially open) 
to 



0.7 
0.7 

0.8 
0.6 



ocoop 
full 

open, 
deg 



0.5 up 
0.5 up 



0.5 up 



0.7 up 



Scoop 
closed, 
deg 



0 c 1 down 



Scoop 
closed 
with 
deflector 
down, deg 



0 . 1 down 



tabl:: iv 

relative effectiveness of ailerons for 15° 
total aileron deflection, xr-51 airplane 







1I4J4. raph 


95 


1 ipb 


and 

flap position 


of 
roll 




Relative 
effec- 
tiveness, 
percent 




aeid L .u V Q 

effec- 
tiveness, 
percent 


Cruising, 
flaps up 
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Figure 4- - Three-view Drawing o£ North AmetioAn XP-51 
Airplane 
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Figure 25. - Time history of three-point landing of XP-51 airplane. Elevator trim tab set at 
+ 10O. Contact made at 8I4. miles per hour with elevator 22° up. Center of 
gravity at 2^.o percent M.A.C. 
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Figure 52. - Steady sideslip characteristics of XI-^1 airplane in 
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center of gravity at 2^.2 percent M.A.C. 
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Steady sideslip characteristics of XP-^l airplane in 
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35. - Steady sideslip characteristics of XP-pl airplane in 
landing condition at 108 miles per hour with center 
of gravity at 25. 1 percent M.A»C. 
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Figure 36. - Steady sideslip characteristics of XP-51 airplane in 

landing condition at 136 miles per hour with center, 
of gravity at 2I4..9 percent M.A.C. 
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Figure 40.- Photograph of gun ports on leading 
edge of right wing of XP-51 airplane covered 
with doped fabric (clean wing) . 
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Figure 41(a).- Two 20 -millimeter gun mock-ups 
installed on leading edge of right wing of 
XP-51 airplane. 




Figure 41(b).- Two modified 20 -millimeter gun 
mockups installed on leading edge of right 
wing of XP-51 airplane. 




figure J4.5. - Time history of stall of XP-51 airplane in gliding condition with controls fixedji 
center of gravity at 25. b. rercent M.A.C.; four 20-millimeter gun mockups. 
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and rudder used for control; center of gravity at 25.5 percent M.A.C.; four 
20-millimeter gun mockups . Note that control was maintained with Elevator 
full up. 
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figure 48. - Time ulsLory of stall of <<F-^1 airplane In cruising condition witn controls fi^ed; 
center of gravity at 2 L ;.9 rercent M.A.C. ; clean wing. 
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Figure f 2 » - Time history of stall of XP-^1 airplane in cruising condition controlled prin- 
cipally by rudaer; center of gravity at 2^.6 percent WI.A.C; four 20-milli- 
meter gun raockups . 
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Figure 53. 
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hi*'torv of stall of XP->1 airplane In landing condition with controls fixed; 
center of gravity at 2i+.? percent M.A.C.; four *0-mi 111 meter gun mockupa. 



J 




:C0MMlhtt4f0R|*|R.(|l 



Ms m 



him 



1 



_ 



4xp 



: 11 



- to t> || 



It 

u c 



3 -d c 4a 



to 



8 j&i 

- • ftSEESa 



mm 



Airspeed 



■I": 



Figure ^. - Time history of stall of XP-51 airplane In wave off condition; all controls used; [ 
center of gravity at 2^.2 percent M.A.C.; clean "inf. Note that maximum rudder £ 
and maximum aileron were inao equate to restrain airplane from yawing. 



